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CLAIMS 

1 . A method of comparing copy numbers of dj^ferent DNA sequences in a 
subject cell or cell population comprising the steps of: 

a) extracting the DNA from the subject 96II or from a number of cells of the 
subject cell population; 

b) amplifying said extracted subjectyi)NA, if necessary; 

c) labeling the subject DNA; 
9 d) hybridizing said labeled su^ect DNA in situ to reference metaphase 

10 J^; chromosomes after substantially removfng from the labeled DNA those repetitive 

11 2 sequences that could bind to mi^pli^ loci in the reference metaphase chromosomes, 

12 p and/or after blocking the bindinlgyites^ibr^ repetitive sequences in the reference 

13 fy metaphase chromosomes by prehyokdizatioh with appropriate blocking nucleic acids, 

/ 

and/or blocking those repetijiVe segufi^s in the labeled DNA by prehybridization with 
appropriate blocking nucl^c acid sequences, and/or including such blocking nucleic acid 
sequences for said repejftive sequences during said hybridization, wherein the DNA 
sequences in the labe^ subject DNA that bind to single copy sequences in the reference 
metaphase chromos6mes are substantially retained, and those single copy DNA sequences 
as well as their binding sites in the reference metaphase chromosomes remain 
substantially unblocked both before and during the hybridization; 

e) / rendering the bound, labeled DNA sequences visualizable, if necessary; 
observing and/or measuring the intensity of the signal from the labeled 
subject Una sequences as a function of position on the reference metaphase 
chromosomes; and 
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g) comparing the copy numbers of diffej:e£t DNA sequences of the subject 
DNA by comparing the signal intensitie:^ ^xiifferent positions on the reference metaphase 
chromosomes, wherein the greatei^tKe s^nil intensity at a given position, the greater the 
copy number of the sequepcres in the subject DNA that bind at that position. 



1 2. A method according to Claim 1 wherein jne repetitive sequences that could 

2 bind to multiple loci in the reference metaphase chron/osomes are high copy number 
repetitive sequences. 



1 
2 

1 
2 
3 
4 



3. A method according to Claim 1 wherein said subject cell or cell population 
is derived from a clinical specimej 



4. A method/according' to Claim l/wherein the copy number of a subject 

metaphase chromosomes relative 
to the copy number oi[ a sequence binding at another poSttronlSquantified by measuring 
the ratio of the signal inlefl46eJat the two locations. 



DNA sequence binding at one ppsition in the referel 

at 
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5. A meth^Ki according to Claim I further comprising the addition of an 
unlabeled nucleic acifl to said hybridization mixture wherein said unlabeled nucleic acid 
has a sufficient nurfiber of nucleic acid sequences substantially complementary to the 
sequences in thcyrcferencc metaphase chromosomes to prevent saturation of the binding 
sites in the ref/rence metaphase chromosomes by the labeled subject DNA. 
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1 6. A method according to Clairi 1 wherein the reference metaphase 

2 chromosomes are human and prehybridizedf with human genomic DNA and/or human 

3 genomic DNA enriched in high copy repetitive sequences, and wherein human genomic 

4 DNA and/or human genomic DNA enricfjfed in high copy repetitive sequences are 

5 included in the hybridization. 
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7. A method according to Claim 1 wherein the labeled subject DNA is tumor 
DNA. / 



m 



2 r; DNA. 



8. A method ac 




1 wherein the labeled subject DNA is fetal 



analysis system is used. 




9. A method aeetSrdingf to Claim 1 wherein in step (f) and/or (g), an image 



1 10. A method according to Claim 1 wherein said labeled subject DNA 

2 sequences are labeled with a laliel selected from the group consisting of fluorochromes, 

3 ligands, radionuclides, chemiluminescers, enzyme substrates, enzyme co-factors, particles 

4 and dyes. 



1 11. A method according to Claim 10 wherein the label is a fluorochrome. 

y 
/ 

1 12. A method ^Lording to Claim 1 wherein the amplifying of step (b) 

2 comprises a polymerase c lain reaction (PCR) procedure. 
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13. A method according 
non-polymerase chain reaction (non 



to Claim 1 wherein the amplifying of step (b) is a 
CR) procedure. 



14. A method according 
greater than average indicate the 
chromosomes of sequences that are 
population whereas signal intensities 
presence and locations of sequences 



3 Claim 1 wherein signal intensities significantly 
pretence and locations on the reference metaphase 
duplicated or amplified in the subject cell or cell 
that are significantly less than average indicate the 
Lhat are deleted. 



15. A method accordiflg t 
formalin-fixed and/or paraffm-embopded 



3 Claim 1 wherein the subject DNA is extracted from 
arpniv4d tissue specimens. 



16. A method accordin 
sequences from one or more oncogenes 
from one or more tumor suppressor 



Claim 14 wherein said amplifications contain(s) 
5, and wherein said deletions include(s) sequences 



17. A method according 
chromosomes are from an antenna 



genes. 

o Claim 1 wherein the reference metaphase 
(ell line. 



18. A method according 
duplications and/or deletions is 
the ensemble, an association to the 



to Claim 1 wherein an ensemble of amplifications, 
dented simultaneously in a tumor cell or cells, and from 
tumor* s probable behavior is made. 
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19. A method of comparing co )y numbers of different RNA sequences in a 
subject cell or cell population comprising the steps of: 

a) extracting the RNA from the subject cell or from a number of cells of the 
subject cell population; 

b) amplifying said extracted suliject RNA, if necessary; 

c) labeling the subject RNA; I 

d) hybridizing said labeled slibject RNA in situ to reference metaphase 
chromosomes after substantially removing from the labeled RNA those repetitive 
sequences that could bind to multiple loci in the reference metaphase chromosomes, 
and/or after blocking the binding site! forjhose repetitive sequences in the reference 
metaphase chromosomes by pre]i™dization v/th appropriate blocking nucleic acids, 
and/or blocking those repetim^e sequences in/the labeled RNA by prehybridization with 
appropriate blocking nucMc acid sdquenc/s, aM/or including such blocking nucleic acid 
sequences for said repetiti'Jie sequenced during s^hybrjdifation, wherein the RNA 
sequences in the labeled subject E^A that bind to single copy sequences in the reference 
metaphase chromosomes are substantially retained, and those RNA sequences as well as 

( 

1 

their binding sites in the referencje metaphase chromosomes remain substantially 
unblocked both before and duririg the hybridization; 

e) rendering the boind, labeled RNA sequences visualizable, if necessary; 

f) observing and/ot measuring the intensities of the signals from the labeled 
subject RNA sequences as a ftinction of position on the reference metaphase 
chromosomes; and t 

g) comparing th| copy numbers of different RNA sequences of the subject 
RNA by comparing the sigtial intensities at different positions on the reference metaphase 
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25 chromosomc3, whetein the greater the signal intensity at a given position, the greater the 

26 copy number of the sequences in the subject RNA that bind at that position. 



1 20. A metlKxl of comparing copy numbers of different DNA sequences in one 

2 subject cell or cell population relative to copy numbers of substantially identical sequences 

3 in another cell or cell population, said method comprising the steps of: 
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metaphase chromosom^ aftei substantially removing from the labeled DNAs those 
repetitive sequences that could\bind to multiple loci in the reference metaphase 
chromosomes, ai^ii/or after bj66idng\he^bin^^ for those repetitive sequences in the 
reference metapl^ase chr9mosomlfS by prehybridization with appropriate blocking nucleic 
acids, and/or blo^kiilf those repeiitive sequences in the labeled DNA by prehybridization 
with appropriate blocking nucleic acid sequences, and/or including such blocking nucleic 



icleic ^1 



acid sequences for said repetitive sequences during said hybridization; 

e) rendering the bound, d\fferentially labeled DNA sequences visualizable, if 
necessary; 

f) observing and/or measuring the intensities of the signals from each subject 
DNA, and the relative intensities, as a ninction of position along the reference metaphase 
chromosomes; and 

g) comparing the relative intensities among different locations along the 

i 

reference metaphase chromosomes whereira the greater the intensity of the signal at a 
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22 location due to one subject DNA relative to the intensity of the signal due to the other 

23 subject DNA at that location, the greater the copy number of the sequence that binds at 

24 that location in the first subject cell or cell population relative \f the copy number of the 

25 substantially identical sequence in the second subject cell or 96II population that binds at 

26 that location. 
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21. A method of quantitatively comparing copy numbers of different DNA 
sequences in one subject cell or cell population relative to copy numbers of substantially 
identical sequences in another subject cell ope^liypopulation, said method comprising 
steps (a) through (e) of Claim 20 and steps of:y 

f. measuring the intensifies of the signals fipeJrn each /of the bound subject 
DNAs and calculating the ratio ra the intensities as a function qf position along the, 
reference metaphase chromosomes to iopv^rz^o profile; and 

g. quantitatively comparin/ the ratio profile among different locations along 
the reference metaphase chromosomes, said ratio profile at each location being 
proportional to the ratio of the ODpy number of the DNA sequence that binds to that 
location in the first subject ceu or cell population to the copy number of a substantially 
identical sequence in the second cell or cell population. 



1 22. A metho^ according to Claim 20 further comprising comparing copy 

2 numbers of different ^^NA sequences in more than two subject DNAs wherein the 

3 comparing is done i^irwise between the signals from each subject DNA. 
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23. A method to determine the ratio of copy numbers of different DNA 
sequences in one subject cell or cell population to copy numbers of substantially identical 
sequences in another cell or cell population, said method comprising the steps of (a) 
through (f) of Claim 21 aad steps of: 

g. determining the average copy number of a calibration sequence in both 
subject cells or cell populations, said calibration sequence being substantially identical to 
a single copy sequence in tha reference metaphase cells; and 

h. normalizing the \atio profile calculated in (f) so that at the calibration 
position, the ratio profile is equfaLte-tne ratio of the average copy numbers determined in 
(g), the normalized ratio pj^e kt any offier location along the reference metaphase 
chromosomes thereby giVing the rlfitio yie copy numbers of the DNA sequences in the 
two subject DNAs thai would 
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24. The method according to Claim 23 further comprising determining the ratio 

\ 

of copy numbers of DNA sequences ii^more than two subject DNAs wherein the 
comparing is done pairwise between sigVials from each subject DNA. 



25. The method according to ciaim 23 further comprising determining the copy 

\ 

numbers for more than one calibration portion in step (g); and doing the normalizing in 
step (h) to obtain the best fit of the ratio profile to the calibration positions. 



1 26. The method according to Clair^ 24 wherein more than one calibration 

2 position is used in step (g). 



- 118 - 



1 

2 
3 
4 
5 
6 

7 O 
8 

10 ffi 



27. A methcxl for comparing copy numbers of different DNA sequences in a 
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test cell or ceU population, said method 
Claim 20 wherein one of the subject eel 
population and the other is a normal ct 



relative intensities among different locations along the reference metaphase chromosomes, 



wherein the greater the relative intensity] 
sequence in the test cell or cell populati 



comprising applying steps (a) through (f) of 
s or cell populations is the test cell or cell 
or cell population, and step (g) of comparing the 



at a location, the greater the copy number of the 
ijbn that binds to that location, except for sex 
chromosomes where the comparison needs to take into account the known differences in 
copy numbers of sequences in the sex chromosome in relation to those on the autosomes 
in the normal subject cell or cell popi^|ation, 

28. A method for>fcompari/ig fte copy nujrfber of different DNA sequences in a 
test cell or cell population, \said mejl^bd comprising applying steps (a) through (f) of claim 
21 wherein one of the subject cellsf or ceU populations is the test cell or cell population, 
and the other is a standard cell or/ cell population wherein the known copy numbers of the 
DNA sequences that bind to diffpent positions on the reference metaphase chromosomes 
is known and steps: 

g. adjusting' the ratid profile at each location along the reference metaphase 
chromosomes by miiltiplying tne ratio profile by the known copy number of DNA 
sequences in the standard cell/ or cell population that bind there; and h. comparing the 
adjusted ratio profiles at different locations along the reference metaphase chromosomes 
wherein the greater the adjusted ratio profile at a location, the greater the copy number of 
the DNA sequence in the test cell or cell population that binds there. 
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2 29. A method of determining the ratios off the copy numbers of different DNA 

3 sequences in a test cell or cell population, said metjiod comprising applying steps (a) 

4 through (g) of Claim 28 and calculating the ratio cff the copy number of a DNA sequence 

5 in the test cell or cell population that binds to one location on the reference metaphase 

6 chromosomes to the copy number of a sequencer that binds to another location by dividing 

7 the adjusted ratio profile at the location of th^first sequence by that at the location of the 

8 Q second. 



w 



30. The method of Claip^^'yRej^ the standard cell or cell population is 

2 Si normal. 

Si. - 

1 31. A method for deterntok^g the copymiinber of different DNA sequences in 

2 y! a test cell or cell population, sax^ method comprising 

3 applying steps (a) thrq/gh (g) of claim 28; 



4 h. determining th^ copy number of a calibration sequence in the test cell or 

5 cell population that is substantiaHy identical to a single copy sequence in the reference 

6 cells; and / 

7 i. normaliring the adjusted ratio profile so that at the location of the 

8 calibration sequence hn the reference metaphase chromosomes, the normalized, adjusted 

9 ratio profile is tquA to the copy number of the calibration sequence determined in (h), the 

10 value of the normalized, adjusted ratio profile at another location then being equal to the 

11 copy number of the DNA sequence in the test cell or cell population that binds at that 

12 location. / 
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1 32. The method of Claim 31 wherein two or n^re calibration sequences are 

2 used, and the adjusted ratio profile is normalized to the best fit to the copy numbers 

3 of the ensemble of calibration sequences. 

1 33. The method of Claim 31 wherein determination of the copy number of the 

2 calibration sequence is by in situ hybridization.A 



34. The method of Claim 29 jf/fie^n^ib^tandzKi cefl(s) is normal. 



1 35. The method of 0aim 20 vyhereir 

2 L human. 




e subjecp^d reference genomes are 



36. The method of Clain/ 34 wherein the standard cell(s) is normal. 



1 37. The method accoyUing to Claim 1 wherein said reference metaphase 

2 chromosomes are normal. 

1 38. The method/ according to Claim 20 wherein said reference metaphase 

2 chromosomes are normal. 

1 39. The method according to Claim 23 wherein the copy number determinations 

2 of step (g) are done by iiLSitii hybridization. 
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40. A method of comparing copy numbers of different RNA sequences in one 
subject cell or cell population relative to copy numbers of substantially identic^ sequences 
in another cell or cell population, said method comprising the steps of: 

a) extracting the RNA from both of the subject cells or cellyjfopulations; 

b) amplifying said extracted subject RNAS, if necessary^ 

c) differentially labeling the subject RNAS; 

d) hybridizing said differentially labeled subject Ri^As in situ to reference 
metaphase chromosomes after substantially removing fropn the labeled RNAs those 
repetitive sequences that could bind to multiple lociip the reference metaphase 
chromosomes, and/or after blocking thp-^l^ding jites for Q^ose repetitive sequences in the 
reference metaphase chromosom^by prehybj^clizatioji^j^ appropriate blocking nucleic 
acids, and/or blocking those r^titive seoji/ences^n the labeled RNA by prehybridization 
with appropriate blocking nucleic acicL^ipiwices,' and/or including such^blocking nucleic 
acid sequences for said repett&v^-^uences during said hybridization; 

e) rendering the boyiid, differentially labeled RNA sequences visualizable, if 
necessary; 

f) observing jhd/or measuring the intensities of the signals from each subject 
RNA, and the relativ^^ intensities as a function of position along the reference metaphase 
chromosomes; 

g) odmparing the relative intensities among different locations along the 
reference nietaphase chromosomes wherein the greater the intensity of the signal at a 
location /ue to one subject RNA relative to the intensity of the signal due to the other 
subject RNA at that location, the greater the copy number of the sequence that binds at 
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26 that location in the first subject cell a cell population relativ^e to the copy number of the 

27 substantially identical sequence in the second subject celly6r cell population. 
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41, A method of detecting amplification of a certain sequence or group of 



sequences in a subject cell or cell populafion, copprisiij steps (a) through (e) of Claim 1 
wherein the in situ hybridization is targeted toy^ntennrc/us in which the DNA sequences 



to be tested for is or are amplified, 



and examining 




5 hybridized significantly more intensely than othpr 

6 indicating amplifications of the sequen^s which are being tested. 



ions that are 
such regions 



2 Hi cells. 



42, The method of Claim 41 wherein the hybridization is to interphase antenna 



1 43. The method jDf Claim 41 wherein the hybridization is to metaphase 

2 chromosomes from the aiitenna cells. 



1 44. The j^ethod according to Claim 20 wherein said differentially labeled 

2 subject DNAs are^hybridized in situ simultaneously. 
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